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Purpose
Dr. Villablanca of the Cal Poly Biology Department commissioned this project with the goal of tracking 
Monarch Butterfly spatial redistribution in anticipation of or response to severe weather events. We believe 
that Monarchs cluster non-preferentially on introduced Eucalyptus trees until midwinter when they begin to 
cluster preferentially on native conifers. Based on the efforts of a previous group of students, it has been deter-
mined that, over a two-week time period in mid-winter, Monarchs spend the majority of their time on native 
conifers. We set out to clearly demonstrate Monarch Butterfly spatial redistribution in either anticipation of 
or response to severe weather. 
Overview
Severe weather events occurred on October 31,2014 when 1.04” of rainfall fell on Pismo Beach in a 24-
hour period. A cold front and light showers moved over San Luis Obispo County on Nov. 13, and on 
Nov. 19, about 1/10” fell on the Pismo Coastal area. Relative to the span of our study, low barometric 
pressure was observed around Nov. 1 and Nov. 10 to 11 (Fig. 1). 
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Figure 1. Meteorological data for the Pismo area November 2014 (weatherunderground.com).
Methods
Equipment:
•	Binoculars 
•	Rangefinder
•	Data sheets
•	Anemometer
•	Spotting telescope
•	Pismo Grove map
 ˏ Major Grid (Fig. 3)
 ˏ Minor Grid (Fig. 4)
Data was collected by teams of 1 to 4 researchers at sunrise for 23 consecutive days, beginning Nov. 1, 
2014 and ending Nov. 23, 2014. Using standardized counting techniques taught to us by State Parks 
Interpreter Danielle Patterson, we estimated the size, location, and height of each cluster of butterflies 
observed in the Pismo Monarch Butterfly Grove (PMBG) (Fig. 2).
Figure 2. Pismo Monarch Butterfly Grove 
Each cluster of butterflies was assigned a height estimate at the top and bottom of the cluster to 
the nearest meter. Hand-held rangefinders were used to determine this height value from directly 
underneath the cluster. A count estimate was then performed by two individuals so an average value 
could be assigned. We limited our estimations to a 20% margin of error between counter or a recount 
was performed. Using previously generated grid maps (created by a previous group of students), we 
determined the individual trees on which each cluster of butterflies was located. We first examined the 
Major Grid (Fig. 3) and decided which Major Cell the cluster resided in. Each Major Cell contained a 
Minor Grid (Fig. 4). We estimated the location of each cluster to the nearest 10’ x 10’ cell of the Minor 
Grid. We then recorded every cluster’s Major and Minor Grid location, butterfly count estimate, tree 
identifier, and height on our data sheets.
Figure 3. Major Grid
Figure 4. Minor Grid
Collected data was entered into one Excel spreadsheet, saved as a .csv file type, and imported into 
ArcMap. The Major and Minor Grids, roads, and fences created in ArcMap by the previous student 
research groups were reused and added in as base layers. We then used several tools available in ArcMap 
to display butterfly density redistribution.
The “Table to Table” tool was used to convert the .csv file into a .dbf file (Fig 5). This file type can be 
added into ArcMap as an attribute table (Fig. 6). 
Figure 5. “Table to Table” tool
Figure 6. Attribute Table
The “Create Address Locator” tool was used to assign each unique 10’ x 10’ cell in the Minor Grid to a 
field labeled “ZoneCell” (Fig. 7). Our Minor Grid layer was used as the primary table and the attribute 
field “MinorGridLabel” was used as the Key Field.
Figure 7: “Create Address Locator” tool
We then geocoded the addresses assigned to each individual cluster to the newly created addresses 
using the “Geocode Addresses” tool (Fig 8). This process linked the recorded “ZoneCell” data to the 
addresses on the Minor Grid. We set geocoding options for spelling sensitivity to be 100% (Fig. 9). 
This resulted in 100% matched addresses (Fig. 10).
Figure 8: “Geocode Addresses” tool
Figure 9: Geocoding Options
Figure 10: Geocoding Matches
Figure 11: Model Builder
We began creation of the model by adding the “Geocode_Address” layer to our blank model. We then 
used the “Select Layer by Attribute” tool to select the first date, Nov. 1. Then we took the output of 
this tool and used the “Point Density” tool to display butterfly density in the PMBG on Nov. 1. From 
there, we replicated this model for each of the other twenty-two dates. Then, we went to each line of 
the model and changed the “Select by Attribute” tool query to select each individual date. We then 
renamed each of the final outputs to correlate with the date of interest. This model supplied us with 
twenty-three point density maps—one for each day of our study (Appendix A). 
We then created a point density map for the entirety of the study period using the “Point Density” 
tool (Fig. 12). This yielded the PMBG Point Density Map (Fig. 13).
Figure 12: “Point Density” tool
Figure 13: Pismo Beach Monarch Butterfly Grove point density map
We used the “Feature to 3D By Attribute” tool to convert our “Height” attribute field into a Z-value 
useable in ArcScene (Fig. 14).
Figure 14: “Feature to 3D By Attribute” tool
We then opened ArcScene 10.2.2 and added in our base layers: the road, fence, and Major/Minor 
grids (Fig. 15).
Figure 15: ArcScene Base Layers
We took the output of the “Feature to 3D by Attribute” tool, a layer named “Geocode_Address_Z,” 
and opened that layer in ArcScene (Fig. 16). We duplicated this layer and used Definition Query 
(found under properties) to nullify Cypress trees in the first layer and Eucalyptus trees in the second. 
This allowed us to show Cypress and Eucalyptus trees in the grove at the same time as different colors. 
We enabled time and elevation from features for both of these layers.
Figure 16: ArcScene Layers
To create a video animation with time enabled, we opened the Animation Manager and shot several 
keyframes (Fig. 17). Our animation is available in supplemental materials.
Figure 17: Animation Manager
Results
Over the course of our study, the number of Monarchs in the grove grew dramatically. On November 1, 
we saw about 3,400 individuals, and on November 23, we saw just over 13,000 individuals. We noticed 
that clustering on the central Cypress tree became the densest by the end of our study, housing the 
most Monarchs. We also noticed that many of the clusters moved to greater heights as time went on, 
which we attribute to decreasing temperatures. Additionally, the butterflies tended to cluster in the 
center of the grove, leading us to believe that their affinity for the Cypress tree may be a result of its 
location rather than its physical characteristics. Perhaps the protection of the surrounding Eucalyptus 
trees is more important to Monarch survival than any benefits of clustering on a Cypress tree. The 
central location of the Cypress led us to believe that it is the most sheltered from outside winds. 
We were able to produce many useable products in both ArcMap and ArcScene. We created a Point 
Density map for each day of our study and the study period as a whole. We show cluster redistribution 
from day-to-day in ArcScene, taking into account the height of each cluster. We also provided twenty-
three days of useful count estimates at the PMBG.  
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